Because posture significantly influences cardiac performance, the effects of moderate supine and upright ergometer exercise were compared on the basis of proportional (+37%) rate increments over resting control. Supine exercise produced significant decreases in left ventricular ejection time (LVET), pre-ejection period (PEP), and isovolumic contraction time (IVCT). Ejection time index (ETI) and "corrected ejection time" (LVETc) did not change significantly. Upright exercise produced greater decreases in PEP and LVET, but despite the rate increase there was no change in LVET, which resulted in sharp increases in ETI and LVETc. The discordant directional effects on LVET and its rate-correcting indices between the two postures were consistent with hemodynamic studies demonstrating lack of stroke volume change during supine exercise and increased stroke volume over control during light to moderate upright exercise. Concordant effects on PEP and IVCT are consistent with the inotropic effect of exercise in both postures with an additional Frank-Starling effect postulated during upright exercise. Despite its intrinsic artificiality, supine exercise has proved useful and is widely utilized because this is the common position for both cardiac catheterization and most noninvasive procedures. Moreover, following upright exercise subjects have been placed supine for recording,4' 5 although it has been shown that accurate recording while erect is feasible.'
Posture can profoundly influence cardiocirculatory performance at rest and stroke volume changes from rest to exercise6' 7 particularly at lighter levels,°0 so that one cannot compare the results of different exercise challenges unless this variable is accounted for. Indeed, before dIffering postural effects were fully appreciated, such a fundamental consideration as the role of stroke volume in the exercise response was the subject of some controversy among physiologists. 6' 8, 9 Because it has proved technically possible to make noninvasive polygraphic recordings in almost any posture,1' 11, 12 we decided to compare comparable exercise stresses on the bicycle ergometer while supine and upright (sitting). As the index stress we chose a 50-watt load for supine ergometry because postural differences are greatest during milder exercise.8-10 Moreover, mild supine exercise has proved to be most practical for diagnostic work.7 10,13 Because of expected postural differences in resting control heart rates, and because, for both steady state and nonsteady state exercise, heart rate changes reflect most sensitively the overall cardiac load,.10 14-17 the two exercise postures were compared on the basis of proportionate rate increments. Thus, the increase over control heart rate achieved while supine was matched by pedaling to the same proportionate increment while upright.
Circulation, Volume XLVIII, July 1973 Initiation of the QRS complex in lead II, whether a Q wave or the beginning of the R upstroke. In practice, because of occasional baseline artifacts, a large number of complexes were inspected and the q-to-R peak (or R upstroke to R peak) time ascertained, so that curves could be timed from the precisely registered R peak; the q-to-R peak was then added in the calculations; q was thus the zero point for all measurements in each cycle.
Im
Timing of the first high-frequency ("mitral") oscillation of the first heart sound.
CARu
Timing of the onset of the rapid portion of the carotid (CAR) upstroke.
,,A Timing of the first high-frequency (aortic) component of the second heart sound.
CARIn
Timing of the carotid incisura.
Calculations
Using standard calculations for systolic time intervals' we used the above measurements to determine the following: Electromechanical Systole ( 
Results
The results are tabulated in tables 1 (supine exercise) and 2 (sitting exercise), and in figures 1 and 2 and table 3 which summarize and compare both kinds of exercise. Abbreviations: HR = heart rate; LVET = left ventricular ejection time; ETI = ejection time index; LVETc = corrected ejection time; PTT = pulse transmission time; PEP = pre-ejection period; q-Im = interval betweeni initiation of QRS complex and first high frequency oscillation of first heart sound; IVCT = isovolumic contraction time.
Circulation, Volume XLVIII, July 1973 actually supine for recording data). While q-Im failed to change significantly, the marked fall in PEP (owing to decreased IVCT) reflects the inotropic influence of exercise. Since LVET was stable, the sharp fall in PEP/LVET was also entirely due to this change in PEP.
Upright vs Supine Exercise
The essential differences between the supine and upright exercise at 37% HR increments over resting control HR were in the behavior of LVET and its rate-corrected indices. This behavior was to be expected from physiologic studies consistently showing no change in stroke volume during supine exertion and increased stroke volume during upright6' 10 13 exertion. Because changes in PEP and IVCT can reflect both inotropic effects and the Frank-Starling relationship1, 3-5, 18-21 both of these factors may have influenced their shortening during upright exercise, since the increased SV would necessarily require increased venous return per stroke, and hence, increased end-diastolic ventricular volume over resting control. By contrast, this would be unlikely during the essentially fixed SV of submaximal supine exercise (in which posture the resting ventricles already operate at fairly maximum volume6 24). Therefore, sharply reduced PEP and IVCT during supine exercise may represent mainly, if not entirely, positive inotropic change in the absence of a significant Frank-Starling effect. By contrast, the change in IVCT during upright exercise probably represents a summation of inotropic with Frank-Starling influences.
